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Designed to meet the job-related, me;tric measurement, 
needs of small engine repair students^ thiW instructicnkl^. padJeage is 
one of four for the transportatipn occupations cluister , ^par^ of a set 

i of .55 packages for metric ^in^Striictibn in different accup&tions. The 
package is intended for students who alread^y knbwthe occupational 
rer^minoiogy^ measurement terms^ and tools currently in use^ Each' of 
t'he^ five units in this instruction'al package contains p'jer'f ormance 
objectives, -learning activities, .and supporting information in'th^ 
form of text, exercises, and tablefe. In ad^itlpn> s^uggeeted teaohing - 
techniques are included. At the back of the package ate 
objective-based evaluatio'nf'iteas, a page of answjers to the ex^rcrs^s 
and- t jests, a list of metric material^ needed for the ^activities, 
references, an^ a list of suppliers, The itfa^terian^ *is designed to 

.accpmmodate a vai:iety,'of individual teaching and learning styles, 

■e,g^, independent' study, small group, /or whole-class activity, r ^ 
Exercises are intended to facilitate experiences^ with measurement 
instruments, tools, and dfevices used in this occupation and 
cjob-related tasks of estimating and measuring. Unit 1% a general 
introduction to the metric system of aeasuxem^n^t, provides informal, 
iiands-on experiences for the students Z^* This unit enables students to 
become familiar with the basic metric units, their symbols, and^ 
«€asurement instruments; and to develop a set of mental 'references 
for metric values. The metfic ,sy^em of notation a3,so is expiafned. 
Unit 2 provides the metric terms^ywhich are used in this occupation 
and ^ives experience .with dccupationai ^neasurementf tasks. Unit 3 
focuses' on job-related metric equivalents and their relationships,^ 
Onit U provides experience with reco^^^i^ing and using metric 

. instruments "aikd tools* in occupational' measurement 'tasks. It also^ 
provides expexience in comparing metric and cus'^tomary measurement 
instruments. Unit 5 is desJLgned to g^ve students practice in / 
verting customary and 'metric meaisuxiemfents, a sfcxTl considered 
:ul durS?ig the>^ransition to metriol in each"* dccujpa^^oa, (HD) - 
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TEACHING AND;.EARNING 
THE MEliilC SYSTEM 



.Thi!i metific instructional package was designed to meet jobielated 
metric mea^iurf^ment needs of students, ' To use this package students 
shpuld already know the occupational terminology, measurement 
terms, and tools currently in use. These materials were prepyed with 
the help of experienced vocational teachers,,reviewed by experts, tested 
in classrooms in different parts of the United States, and revised before 
distribution. ■. I 

J* . * , * 

Each of the five units of instruction contains performance objec- 
tives, learning activities, and supporting information in the form of 
text, exercises, and tables. In_addition, suggested teaching techniques 
ar? included. At the back of this package are objective-based evaluation 
items, a page of ao^swers to the exercises and tests, a list of metric ^ 
rnaterials needed for the activities, references, and a list of suppliers. 



Classroom experiences with this instructional package suggest the 
following teaching-learning strategies: 

1. Let the first experiences be inform&l to make learning the metric 
system futi.', V . * i 

2. - Students learn better when metric units are compared to familiar 

oljjects. Everyone should learn, to "think metric." Comparing 
- metric units to customary units can be confusing. 

3. * . Sti^ents will learn quickly to estimate and measure in metric units 

Ipl^doing." 

Students should have experience with jneasuring activities before 
getting to^uch information. '■ .^^ 



Unit 2 provides the metric terms which'are used in this occupation 
and gives experience witlj occupational measurement tasks. 



•t. 



5. Move through the uni'ts in' an order which emphas,izes' the sim- 
^ plicity of the metric system (e.g., length to area to volume). 

^6. Teach one concept at a time to avoid overwhelming students with 
too much material. , .■ j 

UniU a general introduction to the 'metric system of measure- 
ment which 'provides informal, hands-on e'xj3erience3 for the -students. 
This unit enables students to become familiar with the basic metnc 
units, their symbols, and measurement i!istruments; apd to develop a- ' 
set of mental references for metnc'values. The metric system of notS- 
'■--(j'" is explained. , ' . ^ . 



Unit 3 focuses on job-related metric equivalents an'd their relation- 



ships. 



Unit 4 provides experience with recognizing and using metric 
, instruments ind tools in occupational 'measurement tasks, it also pro- 
vides experience in comparihg metric and customary measurement in- 
kruments. ^ ' > - 

Units is designed to give students' practice in converting custom- 
ary and metric ,i]ieasurements. Students should leani'to ''think metric" 
and avoid comparing customary and metric units. However, skill with 
conversion tables will' be useful during the transition. to metric in each/ 
occupation. - ' ' ■ 

Using These Instructiorial Matem^^ 

This package was designed to help students learn a core of knowl- 
edge ^about the metric system which they will use on tlie job. The 
exercises facilitate experiences with measurement instalments, tools, 
and devices used in this occupation and job-related tasks of esumating 
ahd measuring. ' ' ^ ' ^ * , 

This instruct! package also ivas designed to accommodate a^_ 
variety of individual iku hing and learning styles, Teachers are encour- 
aged to adapt these rr^'^i^rials to their o,wn classes. Forexample, the 
information sheets may be given to students for jplf-study. References 
^may be used as supplemental resources. Exercises may be used in inde- 
pendent study, sm^ll groups, or whole-class activities. All of the' 
materials can be expanded by the teacljeh ' , • 

■ Gloria [s Cooper 

Joel H\ Magisos 

^ Editors - ' ' • 



This publication was developed pur5uaf]t to contract No OEC'0 74-9335 with the, i 
Bureau ol Occupa^nJnal and Adult Educcfiion, US.iDepSrtmentof HealtK, Educa' 
tion and Welfare 'However, the opinions expressed herein do not necessarily 
reflect the posidon or policy of the I^JS. Offiieof Education and no oliicial 
endorsement by the U S Office of Education should be inferred. 
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SUGGESTED TEACHING SEQUENCE 

1. These introductory exercises may require 
' two or three teachingf eriods for all five 
areas of measurement. 

' 2. Exercises should be followed in' the order 
^^p^^given to best show the relationship 
between length, area, and volume. 

3. Assemble the metoc measuring devices ■ ' 
(rules, tapes^sCales, thermometers, and 
measuring cd|tainers) and objects to be ^ 

• ^ measure^.* 

4. Set up the'equipment at work stations 
' for'use by the whole class or as individu- 

alized^esource activities. 

5. kave [he students estimate, measure, and 
. ' rec(jd using Exercises'^! through 5. 

6. Present information on ^notation and 
make Table 1 available. 



7. Follow up with group discussion of 



activities. 



•♦Other school d?partmenls itiay have devices which 
can be used. Metric'suppljers are listed in the reference 
MCtion. 
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OBJECTIVES ' 

The student will demonstrate these skills for the Linear, Area, Voluihe or Capacity, Mass, and 
Temperature Exercises, using the metric terms arid measurement devices listed here. 





V 




EXERCISES ' 




SKILLS 
♦ 


Lineir 


Area ' 


Volume or Caplcity 




Tempentun /. 




■ (pp. 3'- 4) 


'(pp.5-6) ' 


(pp. 7 -8) 


Mpp.MO) , 


tp.ll) / ' 


1 RtK:ognize and usf thf 
unit and iU symbol for: 

2 Select, UK, iiulreidth« 
ippropriite menu ring 
initnimcntifor: 

3. Stiteorihowii 
phyiicil reference for: 


millimetre (mm) 

. centimetre (cm) 

I. 

metre (m) 

../ 

■ > 


sqiiare 
centimetre 

(cm^)' 

iquart 
metre 

(mV ' 


cubic centi-. 
metre (cm^| • 

cubic metre^ 

litre (1) 
rf!illilitre(ml|' 


kilogr&m (kg) ' 

i 


degree £eljmi 

, .°C) , 


i " Eftimale within 25% 
of the itt^ measure 

f ' y 


% 

height, width, or 
length of objecli , 


the area of 
1 given lurface 


^capacity of 
c0pt^nen 


the mau of objfcti 
«in gnmi and kilo< 
gnmi 


the temperature oi» 
the air or a liquid 


5, Read correctly 

^ ... 
1. 


' metre rtick, mltric . 
tipe meuure, and^' 
^ metric rulen 


\ 

■ ''\ 


r 

^ meuuremenli • 
joiundual^ 
volume mciiur* 
inf^evicei i 


1 kilogram scale 
and 1 grim scale 


A Celiiui thermometer 



RULES OP NOTATION - ■ , - 

1. Symbols a(e not capitalized unless the unit Is a proper name (mm not MM). \ 

2. Symbols are not followed'by periods (m fiot m.). ' - i ■ ' 

3. Symbols are not fpllowed'byan s for pltfral5'(25gndt 25 gs). 

\ A space separa)«*the numerals from the unit symbols (4.1 noMl).^ 

5, 'Spaces, not commas, are used to separate large numbers into grouclB of three 
■ digits(45 271 kmir«271km). . 

"ftr^ zero precedes-the deciraal point if the number is less' than one (0.52 g not A g). 

7. Litre and n;etre can be sj/elleajeither with an -re or -er endiijg: •• 



. luformation Sheet 1, 

• ' • . , -7: 




METRIC UNITS, SYMBOLS, AND REFERENTS 



METRIC PREFIXES- 





Quantity 


Metric Unil 


Symbol 


Useful R^ferentJ 


[i«n(th 


millimetre 


mm 


Thickness of dime or paper, 
0^ wife 


centimetre ^ 


cm 


Width ofpaper^clip 


metre 


m 


Height of door about 2 rti 


kilometre , 




12'mjnute walking distance'. 


Area 


square 
centimetre 


cm' 

9 


Area of this space 


b 


square metre 




Area of card table top 


hectare 


hfl 


\ -lU 

Football field including sidelines 
and end zones 


Volume.and 
Capacity 

< 

. I 


millilitre 


ml 


— p- 

Teaspoon is 5 ml 


litre" / 


,r 


A little more than 1 quart ^ 


cubic 

centimetre 


cm"^ 


Volume of this co 


ntainer 


7 




cubif metre 


m 


A little more than a (i^lbic yard 


Ma,ss 

i 


milligram 


mg 1 


Apple seed about KPmg, grain of 
wlt,,l mg . ^ \ 


gram 


i 


Nickeubout 5 g ' 


kilogrlm. 


k 


IWet^^r's^follegiate Dictionary 


metric ton 

.(1 000 kUograim) 


t 


Volkswlij(6n Peetle 




THE CENTE^FOR VOCATIONAL EDUCATION 



Table 1-a 



lYiuuipiri una 
Submultiples 


^Prefixes 


Symbols 




m'ega(m?ga) . 


M 


1000=10' 


kilo(kl/5)' 


k. 


100-= 10' 


hecto (hek'to) 




10 = 10' • 


deka (deka) 


' da 


.Base Unit r= 10" ■ 






<ri - in"' 


deci (des'i) 


■ J 
Q 


, 9,01= ID"' 1 


centi (sen'^ 


\ c 


' o.oouio:^ 


milli (milij 


m 


0.000001 = 10"'' 


micro (mi'kro) 





Table 1-b 



s 



linear' measurement activities 

Metre, Centimetre, NJillimetre 



'I. THE METRE (m) 

* ^ ^ 

A. DEVELOP A FEELING FOR THE SIZE OF A MURE 

1. Pick up one of the metre 
r_ sticks and stand it up on the 
floor, Hold it in 'place with • 
one hand. Walk around the 
^ stick. Now stjpd next to 
4he stick, With your other < 
hand, touch yourself where ^ ^ 
the top of the metre stick 
. comes o)j'-you, ^ 

' ' ' . 

THATISHOWHIGHAMETRflSI' 



i. I. 



2, Hold one arm out straight 
.at shoulder height. Put 
the metre stick along llhis 

• arm until the encf hits W 
end of your fingers. Where 
is the otK^r end of^the 
metre stick? Touch your- 
self at that end. 



/THAT ISHOWLON'GAi\ffiTRElS! 



« 
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3, Choose a partner to stand 
at your, side. Move apart 
so that you can put ono 
endofa-m^trestickon / 
your partner's shoulder 
and the other end on 
your shoulder. Look at 
the space between you. 

THAT IS THE WinTHOF AMETRE! 

DEVELOP YOUR ABILI+Y TO ESTIMATE LN .METRES . . 

Now you will improve your ability to estimate ir> metres. 
Remember where the length and height of a metre jvas on your 
body. , ; 

For each of the following iteqi^; 

Estimate the size of the items and write your estimate in i 
. ESTIMATE column. Measure the size with your metre stick 
and writejthe answer in the MEASUREMENT column. 

Decide'how close your estimate was to the actual measure, if 
your estimate was withio 25fo of the actual measure you are a 
^'Metric Marvel/^ 

» : • How Close 

Estimate Measurement Were You? 

- N- • (m) 

Height of door knob 

fromilooF. . ■ 



ghtofdoor. 

Length of table. 

Mh of table!' , 

Length of wall of 
this room. 

Distance from 
you to wall. 



\ 



1 

Exercise I s 

(continued on next page) 



r.fh^rean^'inOrP^JmotfeMrinnPmPtr^ / T^rfare WmilliWMn.onPrPntimeW \VV;i a moment is • 

.• ;.oeinimetres4yq«\vrit(^l03^cm[M^ , 2 centimetres and 5 mijlime.tres,j^ou write 25,mm [(2 x10mm) 
. • ^ ^''''V'/. ' .'"f-V ' '^■^'™^'2°'"'^^^'^'"l'"Th%el00()infinlm. 

• A, develop; F^E|GFOR>H^Eof^^^^ e^.'mm,.>!^m^mm^ • 

1/ Hold the Wtrii^ruler gainst (IhewiHth of y • ■ ' UsingikTulermarkedTn millimetres, measure ' / ' 

" : .Hdwwiij^^isi.^'' 1^%', .' ' ', ■ s-' 

•v' »>'■'« ^L»A . ' >v J^l- . Thickness ofap^er clip wire, mm 

. . i l^asureyfl»thiHtibTR^th^firstj«int%t^^ ^ ' ; ' : v ' T 

•'^<, cm ' ' = /2, Thickness of ybur.fingernaif, mm , - 

3: Use the metrirrul,eHo find the width of your palm/, ' . ^ ^^'^t'lo^ your fingernail, ' ^ mm ' ' , 

^ . ■ cm 



;'4. Diameter (width)of a c^in,' • - mm 



w 4. ^ Afeasure your index or pointing fingrf. How long is it? , ■ '5,, Diameter (thickness) of your per;- 

..... , * \» I R ' ^ 



V 



mm N 



^ 5: ^Measu^ your wrist wfth a tape measure. What is^ the distance 
' around it? cm 



6. Wdth of a postage stamp. mm 



. lW,t5.p,;*„i^„ti„d,„,,«ai.s,..__c» ■ .B. ;BEVELOPYOUE,ABiLITYTOESmUTE;«LUMETRES 

" ,;-»«^EWVOUR;ApiL!TYTOESmmiNCEN™iETEES ' V» are now ready to .state in tafctre,. ForeAofth. 

■ ''&»e.owiadytoes.«tein»nti™et,es; Foreachofthe ' ;Wl™i«8items, follow the pros^rei'.sed tor e«»g in 

*' ' 5^°^ ^^^Pf°^^»r6s used for estimating in _ • , ; , . ■Howaose 

X ' / ^Naft ^ Estimate Measurement Were You? 

• ; ' * ^ . > Howaose"' . , , (mm)' (mm) 

, Estmiate Measurement Were You? ■ ]. Thickness of a. 

' . ' X^^) (cm) • _ " nickel, ' 
. • 1. iengthofa.papflf |, ' • 



' 2. Diameter (thickness) 

V ^ '■ ^ ^ ofa6olt>^ ' 

• 2 Diameter.(width) • 

of a coin. ' 3, Length of a bolt. . 

, 3. \Mhc).a ■ ^ 4. ^ Width of a sheet 

postage stamp. ' ■ ' "_ ' of paper, ^ 

) ' . ~ , 

4, Length of a -s^v^ ^' Thickness of a board i 



pencil. '■ V . *^ or desk top. ' j 



5. Width ;0f a sheet / , ■ ^' thickness of , a 

ofpaper^ ' ' button. 
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.Exercise 1 



AREA MEASUKEitlENT ACTIVITIES A' ' '\,; . , 

> ' ' , . ' <■ " ■ ' B. -DEVEtOMOUR ABILITY TO ESTIMATE IN SjiuARE 

Square Centimetre, SquareMetre ' '/[rl > . teNTMlEs 



■ , ^ You are now ready to devel(|_your ability to estimate 

• • , ' f in square centimetres, ' ■ . ^ 

\\llEN:YOUI)E§CRIB£T^ftREAOFS0mHlNG,Y^^^ ' < f^. \ , > ^ 

SAYjic [low UAN'Y SQUARES Of A Gl(^EX^fZB.IT Ta\{ES TO ' ' 'Remember the size of Jsquate centimetre. For'each/of the 

COVE>R TIlI^SfRFACE. . • ' , " ' " J , foilowin^items, follow the procedures used%WtSto 

. * ^ '\ • • T , \ . ■ ' 1^ • W^. ; " • 'H 

I. THESQUARECEflfmREIcm^)' ■ '■, * f '■ ^ 

' > ■ , ' J ' 1' , •) Estimate . Lu.«..i^ 

. Ai/- DEVELOP A FEELING FOR A SQlMlfe CE^miETRE ; J ' ; ' K)',VjW) 



/ j Howaose 



> . ' J ' 1' J"" .3 Estimate. Ijieasurejjjeri't' Were You? 

' " " E^lTIMETRE '¥ ' ; ' (cmY J ' 

i . , V . ' ilj • j ■ W ' ' «fr 

1. , Take a dear, plastic grid, oi^ise the grid.on page 6. I' ' -'^l. ' Index card, ■ Ju_ 

2. ^Ie,asure the length and width of qij^oftbese'sjiiall -2. Book cover. 
squares with a centim«^reruler.'^^ • ' » ' hotograph. "' " ' 



r 

4^ 



TtjAflS ONE SQUARE CENTIMETRE! 



4., Windoijv pane or , Al. ' ' 

desk top. 



3. Place your fingernail Over the grid. About hgw many ' , ' , , •. 

Squares does it take to coveir your fingernail /, 



J^cm 




, D, .u , ' ■ 1 THE ^UARE METRE (m^) 

4. Place a com over Jhe gnd. About bow many squares V . V' / 

does it take to cover the coin? cni^ . ] ^_ DEVELOP A FEEL^'FOR.A SQUARE' METRE.' 

■5. Place a postage stamp over the grid. About how^many ' ' '• ' < 

squares does it take to cover the postage stamp? / .1. Tape four metre stifks together to make a square which ' 
:cm' " ' / " is one metre lon^jnfl one metre wide. 

6, Place an envelope Wrlhe grid. Abbut how m'any v 2. Hold the square up with one side on the floor to see how 

squares does it take to cov,« the envelope? ' big it is. ' ' 

3.. Place the'square oathe floor in a comer. Step back and 



-cm^ 



7. Measure the length and width , of the envelope in centi- » look. See how mucli floor space it covers. M 

' metres. Length cm; width cm. 



I 1 r r ' 4. Plac^the squar^er-a table top or desk to see how 

Multiply to find the area m square centimetres. ' much space it co* ' 

cm X ■ ■ cm = em\ How . , 

close are the answers^ have in 6. and in 7.? . ^'^^^ th^uare against the bottom'of a door. See how 

"nv^ ' mucli of the door it covers. Howtnany squares would it 

. ; ' ' , take ro cover the door?' _2_m^ ' ' 

I ■• ■ THilgHOWBIG A SQUARE METRE IS! ^ 
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(continued onnex^age) 



^ 1 15 



of 



B, DEVELOP YOUR ABILITY.TO ESTIMATE IN SQUARE 
' /METRES 



CENTIMETRE GRID 



You are jdW ready ,to estimate iiv square metres. Follow the 
procedullfe used for estimating in metres. 



Ht)wCl(le 
Estimate Me^uremertt Were You' 
■Mm') (m-) „ 



• .Door. ■ ; ' 

'2. FullshAofi 

•; _ newspaper. 

. .I' Chalkboard ^r ^ 
bulletin board. 

1 Flooc, I ■ , 

, .5. Wall . J 

, 6. Wall chart or pojter. 

.. 1 Side of fUe cabinet, 


















'■ V 










J 0, ^ 





'St 





OS' 
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VOLUME MEASUREMENT ACTIYITJES . 

I 

Cubic Centimetre, Litre, Millilitre, Cubic Metre, 



1, THE CUBIC CENTIMETRE (cm^) 



A. DEVELOP A FEELING FOR THE CUBIC CENTIMETJIE ' 

\ ' ^ 

— t * . 

Pick m) a colored j3las,tic cube. Measure its length,. 
^ ^ heigl/t, and width iiT centimetres. 

' TH^t'iS one cubic CENTIMETRE! u 
2. Find (he volume of a plastic litre box. 

a. Place a ROW of cub^s against the bottom ?)f op^ide 
of the box. How many cubes fij; in the row? 

b. Place another ROW (jScubes against an adjoining side 
of the box. How many rows fit inside the box 
to make one layer of cubes? ^ h^T 

How many cubes in each row? 




B. DEVELOP YOUR ABILITY TO ESTIMATE IN CUB^C ^ 
^ jCENTIMETRES \ \ . ^ - 

/ You are now ready'to develop your abifity to estitnate 
I in cubic centimetre?. "\ 

'v ' \ ' * 

remember the size of a cubic centimetre. For each of« 
the following items, use the procedures for estimating in 
/metres, • l\ 

HowQose 

Estimate , ^^asureraent Were'You?*' 



I 

. 7 



How many cubes in the layer in the bottom of the 
bofx? : ' .•' ' ' 

c, Stand a ROW of clftbes up against the side of the box. 
Uow many LAYERS would fit in^ the box? ^ 

How many cubes in each, layer?^_ 

How many cubes fit in the box altogether? 

THE VOLUME OF THE BOX IS ; CUB|C 

CENTIMETlts. . ' ^ 

d. Measure.^he length, width, and height of the box in 
centimetres* Length, , cm: width,, , . ,cm: , ^ 

height ^cm. Miply these numbers to firid. " ' 

/the volume in cubic centimetres. ^ ' , 

'.3 ( 



1.^ Index card file /r^ 
box. " . 

Freezi^r container. . 

3, ' Taper clip box; l 

i Box of staples. - . 



;0 



V 



11. THELriREl 



* 

/ 



I 



A. DEVELORA FEELING FOR A LITRE ' \ . ' ' ■ 

1. • Take a one litre beaker and fill it with water. 

' 2: Pour the water into paper cups, filling each as full as you 
^ ' "dually do. How many cups do you fill? , , 

THAT IS HOW MUCH IS IN ONE LITRE! 



cmx 



cmx 



cm== 



cm*' 



Are the answers the same in c%n<l d.? 



3. vFill the litre cdhtjiiner with rice. 

THAT.IS HOW MUCH IT TAKES TO FILL A ONE |' 
LITRE CONTAINER! 
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Exercise 3 

(continue on next page) 



t^[imMH^'mmKmmnW)^ •> ^ B. DEVEU,PYOUEABllfry%TmTEINMLLlLITRES. 



' • Yt)u are now ready to denfllqp y'our^ability to estimate in . 
litres. 1q write two andone-half litres, you write 2.5 1, or 

,'2.5 litres, to write ori^alflilie, you write o/l, or 0,5 
liti[P., 'To;write two and three-fo\rths litres, you write / 
, . 2.fH or 2.75 litres. ^ ■ 

■ 'IPor^ach of the following items, use the procedures for ' 
/ estimating, in metres/ 

• * I Estimate Measiffei 
(1) (1) 



You are now ready to estimate in millilitres. Follow the 
procedures used for estimating metres. 



' ' " 1.* Medium-size 
> ' ' frejezer container. 

I 2. . LargelTreezer' 

container. / ^ 

3.' Small freezer 
J\ container.. 

f \ Bottleorju'g.. 

fli. THEMILLILITRE (ml) ^ 

. There are 1000 millilitres in one litre. 1000 
/a litre is 500 millilitres, or 0.5 litre = 500 ml. 



How Closey 
Were You? 7 



1. Small juice can. 

2. Panercuportea. 



HowQose 

Estimate .Measuument WereYqu?^ 

,(ml) ' • M) 



3. Soft drink^cari, r 

4, Bottle. ^ ^ 



IV. THE«C^TRE(m^)|^'^ 

DEVELOP A FEELING FOR A CUBIC METRE" 



/ 





A, DEVELOP A FEELING FOR A MLLILI.TRE 



/ 

/ 



1 . Examine a centimetre cabe. Anything which holds 
. IcmHoldslml, 



1. Place a one metre square on the floor next to Clie wall 
.2. ■ Measure a rfetre UP the w^L |^ , 

J jf3. ^Picture a box that would fit into that space. 

' THAT IS THE -VOLUME OF ONE.CUBIC METRE! 

B. DEVELOP YtfUR ABILITY TO ESTIMATE IN CUBIC METRfi's 

each of the following items, follow the estimating.proced- 
uresused hpfnrp ' » , 



X Fill a 1 millilitre measuring spbon witlj rice. Empty the 
. spoon into your hand;, Carefully pour the rice into a 
-pall pile on a sheet of papert 

, THATISHOljJMUCHONEtoLLILITREIS! *" 

3. Fill' the 5 ml sp'opn with ric^our the rice intfanother 
pile on the sheet of paper. J 

TH.ATIS 5 MILilLITRifes, OR ONE TEASPOON! ' / 

•1. Fill the 15.ml spoon with rice, ^our the rice into'a third ' 
pile on "the paper. , 

THAT IS 15 iAl'ILITRES, OR ONE TABLESPOON! 



V ures used before 



' HowQose 
Estimate Measurement Were You? J 
(ra^) (m^) 



1. Office desk, 

2. File cabinet, 

3. Small room,' 



MASS.(WEIQHT)MEASUREMjWT ACTIVITIES / > 



J 



9,7 



^ The^njiks of an (>bject is a measure* of ihe ^lount of matter in the ■ 
object. T)\is amount always the same unless you add or subtract some 
matt^ir frbm^^e ob]^({t. Weight is tlie term that most peopk iise wj 
^ they mean .maiss. The weight of an object is affected by g)rayit^<die \ 
massjof an object is not. For example, ^ wejght of a personron earth 
might be 120^poufl^s; that same person's weig&oiyhe mo6n would be 
20 pounds. This difference is because this pull pvity on the^oon 
is less than the pull of gravity'on* earthy A ^son'sojiass ^n the earth - 
and on the moon would be the sam^. The metric system does not 
measure weight-it measures mass. We will use the term mass here. • 

The symbol for gram is g/ ^ 
,pe symbol |or kilogrSm is k^. ' ^ . 

ere are 1 000 grams in one kil6^am,'or 1 000 e |i kg. 
l&alf a f ilogranj^ can be writt^ as 500 g,or 0.5 kg. \ * 

quarter ofa kilogram cafi be written as 250 gjorO.iJS kg, . ' 
Two 'and three-fourths kilograms is written as 2.75 kg. 




I. T^IE KILOGRAM (kg) \ 

■ . «. ■ ■ 

DEVELOP A FEELING FOR THE MASS OF A KILOGRAM 

Using a balance or scale, find the masif^f the items on the table. 
Before you find the mass,.notice how heavy the object "feels" 
and compare it to theyeading on the scale or balance, 






J 
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■ / 

1. 1 kilogram^. 

1 Textbook. " 

3. Bag of sugar. 

,4. Package of paper 

5. Your own mass. 



B. DEVELOP YOUR ABIfelTY TO ESTIMATE IN KILOGRAMS 

For the following items E^IMATE thp mass of t^^^jeet in 
kilogi:am^, then use the scale ortalance to fimWexact mass 
of the object, Write the exact mass iji the )t^ASUR15MENT 
column. Determine how close your ^tjmate is: . 

How Qose 

Estimate Measurement Were You? 
(kg) ■ (kg) 



1. Bag of nee. * 

2. Bag of nails. 

3. ^Largepurseor 

iiriefcase, 

4. Another person. 

5. A few books.. 



T 
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>n{ THEGRlfi(g) 

A..DEyELOPAFEELlNGTORAGRAM 

1 



1. .Take a colored plastic cube, Hold ilHh your'bnd. 
■ ■ Shake the cube in your palm as if shaking ^cf .Fe&l the 

pressure on j;o'lir hand when the cube is in iSen, then 
when it is ndt in motion. 

THAT IS HOW HEAVY A GRAM IS! 

2. ' Tak^s^ond^be and attach it to the first. Shalte the ' 
cm in first one hand and then the other hand; rest v, ^ 
tW.cubes near the tips oUur fingers, moving your 
pnd up and down. | 

•THAT IS THE MASSJ/tWO GRAMS! 



^ '^^ B. D^VELdP YOUR ABILITY TO ESTIMATE. IN-GRA^ 'C ' k 



>^ « Vire now ready to improve your afeility to eimate^^^^^^ 
m- Remember how h^y the 1 gram cube is,fc l)6av 
the two gram cubes ai-e, and hov| heavy- the five grJhi cubes 

are. For each of the following items, follow the p^cedures 
used for estimating in' kilograms. - .. ■ C 



3. f Take five cube^in one hand and shake them around. 
^ THAT IS THE Ma)s OF to GRAMS! 
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.1.1 Two, thumbtacks. 

2: Pencil. 

3. Two-page letter 

( and envelope. ■ ■ 

4. Nickel. 

5. ' Apple.*/ 

6. ^ .p}ckag?of. , . 

margarine!':/';'' 



How.Qose 



Estimate Msasurenient, Were jfou? 



•(g) 




y » 



TEMPERATURE MEASUREMENT ACTIVITIES 
Degree Celsius : 



11 




I. DEGREE CELSIUS (°C) 
Degree Celsius ("C) is thf metric m&as,ure for temperature. 

DEVELOP A FEELING FOR DEGREE CELSIUS ' 
Take a Celsiijs thermometer! Look at the marks on it. 



1. Find 0 degrees. 

WATER FREEZES AT ZERO DEGREES CELSIUS (0"C) ^ 
WATER BOILS AT'i()0 DEGREEStELSIUS (100°C) 

2. Pindlhe temperature of the room, J'C Is tlte , 

room cool, warm, or about right? 

3. Put some hot water from the faucet into a container, 



> 



Find the temperature. 



C. Dip your finger 



•quickly in and out of the water. Is the water very hot, 
hot, or just warm? 

4. Put some cold water in a container with a thermometer. 

Find the temperature. °C. Dip yourjinger into 

tlje water. Is it cool, cold, or very cold? 

5. Bend your arm with the inside of your elbow around the 
, bottom of the thermometer. After about three minutes 



find the temperature. 



°C. Your skin tempera- 
lure is not as high as your body temperature. 

NORMAL BODY TEMPERATURE'iS 37 DEGREES 
CELSIUS (37'0). ■ " 

AFEVERIS39°C. ■ 

A VERY HIGH FEVER IS 40°C. • ' . . - 



B. 



^ 

DEVELOP YOUR ABILITY TO ESTIMATE IN DEGREES 
CELSIUS'- _ . ■ ' • 

For each item, ESTIMATE and write down how many degrees 
Celsius you t}iink it is. Then measure and write the MEASURE- 
MENT. See how close your estimates and actual measure- 
ments are, ' ^ / ' ' 

Howabse 

Estimate Measurement Were You? 



some hot and . 
• cold water in a ' 
container. Dip your 
finger into the 
water. 

Pour out some of 
the water. Add some 
hot water. Dip your 
finger quickly into 
the water. 

Outdoor tempera- . 
ture. 

Sunny window sill. 

Mix of ice and water. 

Tenp etature at 
floor. 

Temperature at 
ceil 



(°C) 



Ccy. 
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OBJECTIVES 

The student will recognize and use the metric 
terms, units, and symbols used in this occupa- 
tion. , <». 

• Given a metric unit, state its use in this 
occupation. 

• Given a raeasui;|itient task in this occ-upa-/ 
tion, select the'appropriate metric unit 
and measurement tool. 



• SUGGESTED TEACHING' SEQUENCE 

1. Assemble metric measurement tools (rules, 
tapes, scales, thermometers, etc.) and 
objects related to this occupation. 

2. Discuss with students how to read the 
tool* 

3. Present and have students disQuss 
Information Sheet 2 anflTable 2. 

4. Have students learn occupationally- 
related metric measurements by complet- 
ing Exercises 6 and 7. 

5. Test performance by using Section A of 
' "Testing Metric Abilities." 



> ^^^^ ^^^^ 



METRICS IN THIS OCCUPATICIH 



Changeover to the metric system is under way. Large corporations are already using 
metric measurement to compete in the world market. The metric syste;n has been used in 
various parts of industrial and scientific communities for years. Legislation, passed in 
1975, authorizes an orderly transition to use of the metric system. As businesses and 
industries make this metrrchangeover,'empl9yees will need to use metric measurement 
in job-related tasks. 

Table 2 lists those metric terms wliiqli are most commonly used in this occupation. 
These terms'are replacing the measurement units used currently. What kinds of job- 
related tasks use measurement? Think of the many different kinds of measurements you 
now make and lije Table 2 to discuss, the metric terms which replace them. See if you 
can add to the list of uses beside each metric term. ^ ^\ 



5 





Metric Units for Small Engine Repair 



Quantity 


Unit ' - V ^ 


,1 

Symbol 


Use 


Length ' 

( 


i/millimetre „ , 


mm 


: ^ \ — 

cam shaft, spark gap, spark plug length, stroke and bore 
tolerances, length and diameter of fasteners 


centimetre 

"i 


cm . 


hose lengths * ' ■■ ^ 


Volume/Capacity j 


millilitre X 


ml.' 


oil 


^ ' • ' ■■— 

litre 


1 


fuel tank ! ^ . 


' 

cubic centimetre ^ ^ 


cm 


cylindeidispjacem^ent .j: 


Mass 

y 1 


pm 




grease and heavy lubricants, counter-balance mass ^ 


kilogram 

, J ^ 


kg 1 


^ ' — 

Temperature 


degree Celsius 


: 1 ^ 


^ engine Operating temperature 


~f 

Pressure ^ 1 


kilopascal 


kPa 


V pressure differential for fuel pump, compression ratings 

^ — ^ — — 


Power ^ 


kilowatt 


kW . 


power of an engine 


^ — i 

Flow rates 


millilitre? per second 


ml/s 


-\— " 

output rating of fuel pumps ^ 


litres per second 
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TRYING out METRIC. UNITS' 



To give you practice witli metricunits, first estimate the measure- 
tnents of ll^e items befow. Write down your best guess next tp the item, 
Then actually measure the item and write down your answers using the 
correct metric symbols. The more you practice, the easier it will be. 
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i ^ 


Estimate 


1 

Actual 


Length 

• It 1 Palm wu\i\) 




t 


nana span 


i 




Or luurneigni ' • 






4. Journal measurements 


. 1 




5. Thickness of a nickel , 




t 


6, Thickness, of rings 






"^.^Float length ^ ° 






8. Length of a lawn mower blade 






^ 

9, Sparkplug' f 






Area 

10. Desktop 






11. Classroom floor 


• 




12. Workbench 






13. Sheet of paper 




* 


M. Parking lot 






Volume/Capacity 
15. Small bottle 











■ H 




Kstimalo 


Actual 




6, Measuring cup (m|ric) 








t Milk container 






18, Piston displacement 


_i_ 

\ 




. 19. Oilcan 






... , 20. Small box or package 






Toolbox ' ■ 

'- ■ ' - ' _ 


■ — — 

• 




22. Gas can- 






Mass ■ / 

23, Textbook ■ 




• 


24, Nickel 
— ■ -4 . — . 






25. Yourself 






~ — f — 

26. FuU fuel tank 






27. A litre of grease 




..A 


28. Quart of oil 






' Temperature 
29. Room 

/ 




4 


^ ' lingme operating temperature 






31. .Coika|] water 






32. Hot tap water 


V 
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REPAIRING WITH METRICS 



It is important to icnow what metric measuremeift to use. Show 
what measurement to use in.the following situations. 



' 1. Volume of gas tanlal'l^ 




2. Capacity of cylinder , 




. 3. Diameter of piston liead ^ 


• 


' 4. Length of a valve stem 

' 


J. 


5. Mass of grease' for a geariiox 




Volume of oil for crank case 




|7. Capacity of 9 radiator 




Dimensions of a small 2 or 
4 cycle gas engine: 


.\ ' 
A, a. Length 




b> Width 




V/(5 Height 




T 4 Mass 




^otor specifications; 





7^ 

/] % Cylinder bore 



, ' b. Strokeof apij2)n 



' / ic. Cranlcshaft length 

• ^' ■ 4- - — - 



1^*1 Crankshaft diam?!ter 



10, 'Length of fuelline 

. I ■ I I H I H U M 1 ,1 I I ■ I Hi I . 

IL Spark plug gap 



12. Length of starter rope 



13. Amount of oil required for 
iin oil-filter tyje of air cleaner 



'14. Size of lawn mow^r wheels 



15. Length bf( 



chain saw ch^n 




6^^ . 
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OBJECTIVE 

' the student will recognize and use met- 
ric equivabts. 

• Giv«n a metric unit, state an equivalent 
■in a larger or smaller metric unit. 



SUGGESTED TEACHING SEQUENCE 

"1. Make available the Information Sheets 
(3 ■ 8) ai^ theteociated Exercises ' 
(8 -14], One at a time. 

2. As soon as you have presented the 
Information, have the students complete 
each Exercise. 



3. Check their answers on the page titlejd 
ANSWERS TO EPRCISES AND ' " 
TEST. 



EXERCl 



4.. Test peiform^nce by using Sections of 
"Toting Metric Abilities." 
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METRIC-METRIC EQUIVALENTS 
Centimetres and Millimetres 

] 



(^3 





1 2 3 4 5 6 




1 2 3,4 5 6 



mm 



Look at the picture of.the nail next to the ruler. The nail is 57 mm long. This is 5 cm + 7 
There are 10 mm in each cm, so 1 mm = 0.1 cm (one-tenth of a centimetre). This means that 
7mm = 0;7cm,so57mm = 5cm + 7mm , 
= 5cm + 0.7cm 

= 5.7 cm. Therefore 57 mm i^^ihe same as 5.7 cm. 

Now measure the paper clip. Itis34mm. This is the same ^ 3 cm + _mm Sinceeach 

millmietre IS 0.1 cm (one-tenth of a centimetre), 4 mm = cm. So, the paper clip is 

o4 mm = 3 cm + 4 ram ■^ - • >■ f f 

= 3cm + 0.4cm 

= 3.4 cm. This means that 34 mm is the same as 3.4 cm. 



Information Sheet 3 



Now yVtirs 



lOme. 

a ) 26 mm = _, cm 

b ) 583 mm » _ cm 

c) 94mm=, cm 

d) 68dmm« , m 



e) 132 mm = 

f) 80^mm = 

g) 1 400 mm 

h) 2307mm 



, cm 
- cm 
cm 
cm 



Exercise 8 



37 



J 



Metres, Centimetres, and Millimetres 

There are lOO^centimetres in one nfietre, Thus, 

• 2in' 2i 100cm" 200cm, 
3m«.3xl00cih« 300cm, 
8m* 8 X 100cm ■ 800cm, 
, , 36m«36xl00cm'3600cm, 

There are 1 000 millimetres in one metre, so 

, 2m%2xl000i?im' 2 000mm, I 
" 3mW«IB)tl 000mmj> BOOOmnl, \ 
6m« 6xl000mra» 6 000mm, 
24 m • 24 X 1 000 mm ■ 24 000 nm. 

From your work with decimals you should know^that 

one-half of a metre*<ien be written 0.5 m (five-tenths of a metre), 
one-fourth of a centimetre can be written 0.25 cm 
(twenty-five hundredths of a centimetre). 

This means that if you want to change three-fourths of a metre to 
millimetres, you would multiply by 1 000. So 

0.75 m - 0,75 x 1 000 mi 

, jjjxldOOmt 

1000 > 
- 75x"l00""" 

■'75 x10 mm 

» 750 mm. This moans M 0,75 m = 750 mm. . 



1* 



Information Sheet 4 



Fill m the following chart. 



38. 



metre 

m 


V. centimetre 
cm 


millimetre 
mm 


1 


100 


1000 


2 


200 




3 






9 










50O0 


■u 






0.8 


80 




0.6 




601) 






25 










639 





Is 



1 
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Millilitres to Litres 



There are 1 000 millilitres in one litre. This means thit 

2 000 millilitres is the same as 2 litres, , ^ 

3 000 ml is the same as 3 tilres, 

4 000 ml IS Ihe same as 4 litres, 
12 000 ml is the same as 12 litres. 

Since there are 1 000 millilitres in each litre, one way to change milli' 
litres to litres is to divide by 1 000. For example, 



Or 



1000 

lOOOn* «TUoo'"^^"l'itf«'' ^ 

2000 . ^ 

2000 ml « Yoflo litres = 2 litres. , 



And, as a final example; 

28000 / 
28000 ml » -j-^llftes- 28 litres. ^ l\ 

What if something holds 500 ml? How many litres is this? This is 
worked the same way. 

500 ml litre = 0.5 litre (five-tenths of a litre ) So 500 ml 
is the same as one-half (0.5) of ailitre. 

Change 57 millilitres to- litres. 

57* ml « y~ litre ^ 0.057 litjiil^jfty'^^ thouslindths of a 



litre). 



' Information Sheet 5 

^Now you try some. Complete the following chart. 



millilitres 


litm 


, (ml) 


(1) 


3000 


3 








8 ' 


HOOO 






3i 


■•■■300-"' 


■■ -0.3' 


700 






■ 0,9 


^ 250 








275 





If 



Exercise 10 



Litres to Millilitres 



\M do you do if you need to change litres to millilitres? Remember, 
there.are 1 000 milliJitres in one litre, orl litre = 1 000 ml. 



So. 



2 litres = 2 x 1 000 ml = 2 000 ml. 
, 7_ litres = 7 x 1 000 ml = 7 000 ml, 
13 litres =lo x 1 000 ml =13 000 ml, 
0.65 litre = 0.65 x1 OOP ml = 650 ml'. 

Now you try some, Complete the following chart. 



Information Sheet 6 



litres 
1 


millilitres 
ml 


8' 


8000 


5 




•16 






32000 


0.4 




0.53 






■180 



Exercise 11 



Grams to Kilograms 

There are 1 000 grams in one kilogram. This means that 

2 000 grams-is the same as 2 kilograms, 
5 000 g is the same as 5 kg, 
700 g is the same as 0.7 kg, and soon.- 

To change from grams to kilograms, you use the same procedure for 
.changing from millihtres to litres. 



Irj the following 



ones. 



Information Sheet 7 



(ntni 
K 


kilograms 
kit 


4 000 


4 


[ 9000 




23 000 






8 


m - 
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Kilograms to Grams 

To change kilograms to grams, you multiply by 1 000.' 

■I kg='l x] 000g= lOOOg. ..' 
23 kg = 23 xl 000 g = 23 000g, 
0.7okg= 0.75'xlOUUg4^ . loOg. 



Complete the following chart. 

r 



Information Sheet 8 



kilograms 
kg 


grams 
i 


7 


7000 


11 ■ 






25000 


0.4 




0.63 






175 



Exercise 13 



Changing Units at Work 

Sonfe of the things you use in this occupatioh may be measured ir 
different metric units. Practice changing each ofthe following to 
metric equivalents by completing these statements, 



cm of rope is 

b)250 ml of solution is__ 
c )5 cm diameter pipe is__ 

d )2 500 g of grease is 

e )120mm of fuel line is_ 
f 10.25 litre of solvent is 
g)2 000 kg of sawdust is _ 
MO.5 litre of additive is _ 
i )2 ID of hose is 



j ) 500 1{ of hand cleaner is 
k)500mlofoilis_ 

l,)5cm bolt is 

ni)0.5 cm tubing is 

n )6 cm gasket is_ 



. ^ 

V 

mm 
.kg 

cm 
I ml 

t 

ml 

'mm 
kg 

I 

1 

mm 
mm 
mm 
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OBJECTIVE 

The student will recognize and use 
instruments, tools, and devices for mea- 
surement tasks in this occupation. 

• Given metric and Customary tools, 

• instruments, or devices, differentiate , 
between metric and Custonjary. 

1 i Given a measurement task,;|elect . 
and use ^ Appropriate todtj^in'- t 
strument or device. 

• Given a metric measurement task, 

' judge the metric quantity within 20% 
and measure 'within 2% accuracy, 

SUGGESTED TEACHING SEQUENCE 

1 . Assemble metric and Customary measur- 
ing tools and devices (rules, scales, 

• thermometer, drill'^bils, wrenches, mi- 
crometer, vernier caliperSTfeeier gages) 
and display in separJte groups at learning 
stations. 

2. Have students examine metric tools and 
instruments for distinguishing character- 
istics and compare them with Customary 
tools and instruments. 

' 3 H^vestud.H^nts verbally describe charac' 

. teristics. . 

4. Present or make available Information 
Sheet 9. 

„ 5. Mix metric al^ Custonial'y toals or 
equipment at learning station/Give 
studcnts$.xercisesl5and,16'.' ^ 

^ 6. Test performance l)y using Section C , 
of "Testing Metric Abilities," ' 

' ^ THE CENTER FOR VOCATIONAL EDUCATION 

ERicK ; 



SELECTING AND USING . 

METRIC INSTRUMENTS , TOOLS AND DEVICES 

Selecting an injproper tool or misreaSing a scale can result in an improper sales form, 
damaged materials, or injury to self or fellow workers. For example, putting 207 pounds 
per square inch of pressure (psi)^n a truck tire designed for 207 kilopascals (about 30 psi) 
could cause a fatal accident. Here are some suggestions: 

1. Find out in advance whether Customary or metric units, tools, instruments, or pro- 
ducts are needed for a given task. ' 

2. Examine the tool or instrument before using it. 

3. The metric system is a decimal system. Look for units marked off in whole numbers, 
tens or tenths, hundreds or hundredths. 

4. Look for metric symbols on the tools or gages such as m, mm, kg, g, kPa, etc. 

5. Look for decimal fractions (0.25) or decimal mixed fractions (2.50) rather thai com- 
mon fractions (3/8) on drill bits, feeler gages, etc. 

6. Some products may have a special metric symbol such as a block M to show they are 
metric. 

7. Don't force bolts, wrenches, or other devices which are not fitting properly. 

8. Practice selecting and using tools, instruments, and devices, 





Information Sheet 9 
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WHICH TOOLS FOR THE JOB? 



Practice and prepare to demonstrate your ability to identify, 
select, and use metric-scaled tools and instruments for the tasks given 
below. You should be able to use the measurement tools to the appro- 
priate precision of the tool, instrument, or task. 



i MEASURING UP IN SMALL ENGINE REPAIR 



Select and demonstrate or describe use of tools.instruments, or 
devices to; 



1. Pill gearbox with 1.5 kg of pease. J ■ 

2. Adjust fuel mixture on carburetor. 

3. Describe the difference between a customary and a metric 
tubing cutter. 

4. Detejmine the pressure on a fuel pump. 

5. Changcrsparkplug(s) in small engine^ 

6. . Measure the compression of a two-cycle engine. 

7. Measure a cam shaft and select the proper bearings. 

8. Set ignition points on small engine. 

9. Determine the power of an engine. 

Pull the head of an engine and replace head gasket. 
11. Replace the fuel line. 



Foi: the tasks below, estimate'the metric measurement to 
within 20% of actual measurement, and verify the estimation 



08' 
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listimate 


Venfy 


I Volume :)f a storage bin. 






2. Temperature of . this room. 






3. Afiioiini of oil and gasoline 
for three-litre engine. . 






4. Work space or bench large 
enough to repair engine. 






5. Torque for cylinder head. 






6. Find largest available entry 
into classroom. 






7. The fuel line for a,13.4kW 
tractor is 45 cm. From 
several £ut pieces of tubing, 
selecti^cefprthelin? ^ 
with' tmeast waste. 


... 


# 


^8f^rdergr 
and seal. 


aase retainer ring 




• 


9.' Select V-belt replacement 


) 




10. Set valve clearance. 


-+ 




IL Set spark-plug gap. 






12. Select spark plug with ' 
properreach. 
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OBJECTIVE 

The student will recognize and use metric 
and Customaiy units interchangeably in order- 
ing, selling, and using products and supplies in 
this occupation! 

• Given a Customary (or metric) measure- . 
ment, find the metric (or Customary) 
equivalent on a conversion table. 

• Given a Customary unit, state the re- 
placement unit. 



SUGGESTED TEACHING SEQUENCE 

1. Assemble packages and containers of 
materials. 

2. Present or make available Information 
Sheet 10 and Table 3. 

3. Have students find approximate metricv 
Customary equivalents by using 

' txerciseH..,^ 

i Test performance by using Section D of 
"Testing Metric Abilities/' „ • ' - 
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METRIC-CUSTOMARY EQUIVALENTS 



Durmg the transition period there will be a need for finding equivalents betwe^ systems. 
Conversion fables list calculated equivalents between the two systems. When a close equivalent 
is needed, a conversion table' can be used to find it. Follow these steps: 

1. Determine which conversion table is needed. 

2. Look up the known number in the appropriate column; if not listed, find numbers yOu 
can add together to make the total of the known number. 

♦ 

3. Read the equivalent(s) from the next column. 

r 

Table 3 on the next page gives an example of a metric-Customaiy conversion table which 
you can use for practice in finding approximate equivalents, Table,3,can be used with Exercise 
17, Part 2 and Part 3. 

Below is a table of metric-Customary equivalents which tells you what the metric replace- 
.ments for Customary units are.* This table can be used with Exercise 17, Part 1 and Part 3. The 
symbol means "nearly equal to." , 



1 cm * 0.39 inch 


1 inch ^ 2.54 cm 


1 ml * 0.2 tsp 


1 tsp * 5 ifll 


Im^ 3.28 feet 


1 foot* 0,305 m 


. 1 ml * 0.07 tbsp 


1 tbsp * 15 ml' 


lm*1.09 yards 


1 yard* 0.91m . 


ll*33.8floz 


Ifloz* 29.6 ml 


, 1km* 0.62 mile 


1 mile* 1.61 km 


11 * 4.2 cups 


1 cup * 237 ml 


1 cm' 0.16 sq in 


1 sq in * 6.5 cm^ 


1 1 * 2.1 pts 


1 pt * 0.47 1 


Im- * 10.8 sq ft ' 


1 sq ft * 0,09 m- 


11* 1.06 qt 


Iqt* 0,951 


lm^^l.2'sq'yd 


lsqyd*0.8'm' 


11*0.26 gal 


.1 gal* 3.791 


1 hectare * 2.5 acres 


1 acre * 0,4 hectare 


1 gram * 0,-035 oz 


loz*28.3g • 


1 cm^ * 0.06 cu in 


1 cu in * 16.4 cm^ 


1kg* 2.2 lb 


i lb* 0,45 kg 


1 * 35,3 cu ft 


leu ft* 0.03 m^ 


1 metric ton* 2205 lb 


1 ton* 907.2 kg 


1 m' =^ 1.3 cu.yd 


• leu yd* 0,8 m' 


IkPa* 0.145 psi 


. 1 psi * 6.895 kPa 



*Adapled from Let's Measure Metric. A Teacher's Introduction to Metric Measurenient. Division of Educational 
Redesign and Renewal. Ohio Department of Education. 65 S. Front Street, Columbus, OH 43215, 1975. 



Information Sheet 10 



ERIC 



47 



22 



ERIC 



CONVERSION TABLES 



MILLIMETRES TO INCHES 




mm 


Inches 


mm 


Inches 
f 


mm 


Inches 


mm 


Inches 


100 


3.93 


10 


0.39 


1 


0.04 


o!i 


0.004 


200 


7.87 


20 


0.79 


2 


0.08 


0.2 


0.008 


300 


11.81 


30 


1.18 


' 3 


0.12 


0.3 


0.012 


400 


^ 15.74 


40 


1.57 


4 


0.16 


0.4 


0.016 


500 


19.68 


50 


^ 1.97 


5 


0.20 


0.5 


0.020 


600 


^3.62 


60 


2.36 


6 ' 


0.24 


0.6 


0.024 


700 


^7.56 


70 ■ 


2.76 


7 ' 


0.28 


0.7 


0.028 


800 


:31,50 


80 


3.15 


8 


0.31 


0.8 0.031 


900 


j35;43 


90 


3.54 


9 


0.35 


0.9 


0.035 



INCHES TO MILLiHrES 



1 000 mm or 1 metre = 39.37 inches' 



Inches 


mm 


Inches 


' mm 


Inches 


mm 


Inches 


mm 


1 ■ 


25.4 


0.1 


2.54 


..01 ' 


0.25 


.001 0.03 


2 


50.8 


0.2 


. 5.08 


.02 


0.51 


.002 


0.05 


3 


76.2 


0.3 


7.62 


.03 


0.76 


.003 0.08 


4 


101.6 


0.4 


10.16 


.04 


1.02 


.004 


0.10 


5 


127,0 


' 0.5 


12.70 


.05 


1.27 


,005 


0.13 


"6 


■"-^^^ 

152.4 


0.6 


15.24 


.06 


1.52 


.006 


0.15 


7 


-177.8 


0.7 


17.78 


.07 


1.78 


.0^7 


0.18 


8 


)i 203.2 


0.8 


20.32 


.08 


2.03 


•008 0.20 


9 


1 228.6 


0.9 


22.86 


.09 


2;29 


.009 


0.23 



10 inches = 254 mm 
12 inches or 1 feet = 304.8 mm or 30.48 cm 
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ANY WAY YOU WANT IT 



1. Your are working in a repair shop, With the change to metric 
measurement some of the things you order, seO or use are 
marked only in metric units. You will need to be familiar with 
appropriate Customary equivalents in order to communicate 
with customers and suppliers who use Customary units. To 
develop your skill use the Table on Information Sheet 10 and 
give the approximate metric quantity (both number and unit) 
for each of the following Customary quantities. 



Customary Quantity 



Metric Quantity 



a } 21bs.of^ase 



b ) 4 qts. of cleaning solution 



c ) 1 gal, of kerosene 



d ) 10 qts, of motor oil 



e ) 18 in. fuel line 



f ) two-gallon can 



g ) 30 ft. of air hose 



h') 4 fl.oz. of additive 



i ) two-mile distance 



j ) 2 in. bolt 



k ) 2 fl.oz. of silicone spray 



) lib. of hand cleaner 



m) 1 gallon of solvent 



In ) 1 ft. length 6f gasket material 



0 ) 1/4 in. drill bit 



2. Use the conversion tables from Table 3 to convert the following: 



0.009 in. = 


mm 


c) 


12 in. = 


mm 


10.2 mm = 


in. 


d) 


18 in, = 


mm 



e) 


275 mm = 


in. 


h) 


20 in. = 


mm 


f) 


0.028 in. = 


mm 


i) 


150 mm = 


in. 


g) 


125 mm = 


in. 


j) 


1 000mm= 


in. 



3. Complete the Requisition Form using the items listed. Convert; . 
the Customary quantities to metric before filling out the fojm. 
Complete all the information (Date, For, Job No., etc.). , . 

Requisition one of each of the follovidng: 

a ) lib. of gear box grease , ./ 

b) 4 ft. starter rope 

c ) 1 qt gasoline tank ' ' 
d ) 3 ftwof 1/8 in. I.D. rubber fifel line \ \\ . 
e ) 6 fl. oz. can of engine spray paint 





-REQUISITION ; . \^ 






'Date r " . 


For 








Job No. 




Date Wanted 


Deliver to W^mk^i ^^ 








. QTY 


■ UNIT 
(f— — — ^ 


ITEM 








Requested by ; 


Approved by 






' 




THf Cf NTCR FOR VOCATIONAL EDUCATION 



Exercise 17 



24 

SECTION A 

1, Ow kilogram is about the maQ 
; ; Of.: ^ 

(A) nickel ' * 

|B| apple seed 

IC) . basketball • V 

ID] Volkswagen "Beetle" 

* 2, A square metre is ^bout the' 
area of; f 

(A] this sheet of paper 

[B] a card table top 
|C| a bedspread 

|D1 a postage stamp 

f \ 

3. The displajement of an engine 
would be measured in: 

[A] cubic centimetres 

[B] millimetres 
[C| kilograms 
[D] square metres 

4. The mass of gearbox grease is 
measured, in: 

[A] millilitres 

[B| cubic metres 

[CI centimetres 

(Dj kilograms 

5. The correct way to write twenty 
grams is : ' ' 

[A I 20gms 

'[B| 20 Gm.. 

|C1 20g.- 

|D| 20g I • 



. 6. The correct way to write twelve 
thousand millimetres is: 

|A1 12.000 mm. , 

[Bj 12.000 mm 

(C) 12000mm 

|D] 12 000 mm 

SECTION B 

7. A blade 60 centimetres long 
' also has a length of: 

f 

[A] 600 mUlimetres 
(B| 0.6 millimetre 
[C] 6 millimetres 
, |Dj 6 000 millimetres 

8. A hose 3 metres long is the 
same as: 

[A] .30 millimetre . 
(B| 300 millimetres 
(Cj 30 millimetres , 
^ [D] aOOOmilUmetres 



SECTION C 

9. For measuring millilitres you 
would use a: 

[A] container 

[B] pressure gage 
|C| feeler gage or rule 
[D| scale 



10. For measuring ki! 
would use a; 



[A] pressure gage 

[B] rule or feeler gage 
[Cj scale 

(D| container 



you 
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11. Estimate the length of the line 
segment below: " ' 

.1 1 

[A] 23 grams 
|B| 6 centimetres 
|C] 40 millimetres 
[D] 14 pascals 



12. Estimate the length of the line 
segment below: ^ 



[A] 10 millimetres 

[B] 4 centimetres. 
{Cj 4 pascals 

[D] 23miUigrams 



SECTION D i 

r 

13. The metric unit for liquid measure 
which replaces the fluid ounce is: 

[A] * hectare 

I? 

15] gram - 

[C] atre 

[D] milUlitre 

14. The metric unit for mass which 
replaces ounces is: 

[A] kilowatts 

[B] ^grams ^ 
(CJ kilopascals ^ 

[D] metres 



Use this c/)nver8ion table to 
answer questions 15 and 16. 











null 


in 

in. 


in 

in. 


MM 

null 


, . 

10 


0.39 ' 


1 


25.4 


^0 


0.79 


2 


50.8 


30 


1.18 


. 3 


.76.2 


40 


^1.57 


4 


101.6 


50 


4.97 


5 


127.0 


60 


2.36 


• 6 


152.4 


70 


2.76 


7 


177.8 


80 


3.15 


8 ■ 


203.2 


.90 


3.54 


9 


228,6 


. 100 . 


3.94 


10 


254.0 



15, The equivalent of no mm is; 

[A] 4.33 in, 

[B] 27,5 In. 

[C] 277 in. 

l.PI 2,75 in, 

1ft, Tile equivalent of 18 in. is: 
(A) 1 800 mm 
jBj 457,2 mm 
(C) ;180 mm 
[Dl 254,7 mm 
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ANSWERS TO EXERCISES AND TEST 



EXERCISES 1 THRU 6 

. The answers depend on I he items * 
' used for the activitiies. 

EXERCISE? 

Currently actept'ed metric units of 
measureripnt for each question are 
shown m Table 2. Standards in each 
•occupation are being established 
now. so answers m*ay vary , 

EXERCISES " 

al' '2.6 era ■ e) 13,2cm 

b) 58,3 cm f) 80.2 cm 

, c) •9.4'cm g) 140,0 cm ■ 

dr 68.0 cm h) 230,7 cm 

EXERCISES 9 THRU13 

Tables are reproduced in total. .4n- 
swers are m parentheses. . 

Exercise 9 



-A 



metre 
ra 


centimetre 
cm 


^millimetre 
mm 


1 


■ 100 


. 1000 


2 


200 . 


■ (2 000) 


3 


■(500) 


\(3 000) 


9 


(900) ' 


(9 000) 


(5) 


(500) 


5 0,00. 


"■1 


(7 400) 


174 000) 


0.8 


80 


S 18OO) 


0.6 


(60) 


, \ 600 ' 


(0.025) 






10.148) 




148 


(6,39), 


J 639 


(6 390) 



Exercise 10 



nuuiiiires 
ml 


litres 
1 


3 000 


3 


6 000 


(6) 


(8 000) 


8 


114 000) 


(14) 


(23 000) 






n Q 
U.o 


■ 700 


(0.7) 






250' 




, (470) 


0.47 


275 


(0,275) 


Exercise A 1 




• 


litres 

. 1 ■ 


— tt: — I 

millilitres 

' ml 


8 , 


8 00? 




(5000) 


46 


■(46 000) 


(32) 


32 000 


■ o\ ■ 


(400)" 


0,53 


('530) 


■ (0.48)- 


480 



Exercise 12 



f Tl .THCC 



grams 
g 


. kilograms 
. kg 


4 000 , 


.4 


9 000 


,(9) 


23 000 


(23) 


(,8 000) 


8 


. 300 


(0.3) 


'275 


(0,275) 
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Part 2. 



kilograms 


grams 

. g ' 


7 


7 000' 


11 


(11 000) 


(25) 


25 000 


■• 0,4 / 


(400) 


0.63 


(6301 


(0.175) 


175 



Exercise 14 

> a ) 5 m 

b) 0.25 litre 

c ) 50 mm 

d) ■2.5 kg V 

e ) 12 cm' 
^ f) 250ml 

g) 2t 

EXERCISES 15 AND 16 



0.23 mm 
0^98 in; , 
304.8 mm 
457.2 mm 
10.83 in. 
0.71 mm 
4.92 in. 

508 mm 
5.90 in. 
39;37in. 



i 

h) 500 ml 

i ) 2 000 mm 

j ) 0.5 kg 

k) 0.5 litre 

1 ) 50 mm . 

m) 5 mm 

n) 60 mm 



Part3.\ 

a) 0.45kg 

b) 1.22 m 

c) 0.95'litre 

d) 0.915 m of 
0.318 cm 

e) 177.6 ml 



The answers depend on the 
items used for the activities. 



TESTING METRIC ABILITIES 



EXERCISE 17 
Parti. 

a) 0.9kg 

'b) 3.f litres 

c) 3.79 litres 

d) 9.5 litres 

e) 45.72 cm 

f) 7.58 litres 

g) 9.15 ffi 

h) ■U8.4ml 



,i ) 3.22 km 

j ) 5.08 cm 

\] 59.2ml 

1 ) 0.45 kg 

m) 3.79 litres, 

n) 0.305 m ' 

0) 0.635 cm 



1. 


G 


9. 


A 


2.'' 


B 


10. 


A 


3. 


A 


. 11. 


B 


' -4. 


D 


12. 


A 


4^ 5. 


D 


13. 


D 


' 6. 


D 


14.. 


B 


f \. 


A 


15. 


A 


D 


16. • 


B 
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SUGGESTED METRIC TOOLS AND DEVICES 
NEEDED TO COMPLETE MEASUREMENT TASKS 
IN EXERCISES 1 THROUGH 5 

(* Optional) . 



UNEAR 

Metre Sticks * 

Rules, 30 cm 

Measuring Tapes, 150 cm 
*Height Measure 
*MetreTape, 10 m 
*'IWidIe Wheel 
*Area Measuring Grid 

VOLUME/CAPACITY 

^Nesting Measures, set of 5, 
SOml-lOOOml 

Economy Beaker, set of 6, 
50 ml - 1000 ml . 

Metric Spoon, set of 5, 
lmI-25mF 

Dry faure, set of 3, 
50, 125,250 ml 

Plastic Litre Box 
Centimetre Cubes 



MASS 

Bathroom Scale 
^Kilogram Scale 
*Platform Spring Scale 

5 kg Capacity , 

10 kg Capacity 

Balance Scale with 8-piece 

mass set 
*Spring Scale, 6 kg Capacity 

TEMPERATURE 

CelsiuiThermonieter 
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SUGGESTED METRIC TOOLS AND DEVICES 

NEEDED TO COMPLETE OCCUPATIONAL 
MEASUREMENT TASKS 

In this occupation the tools needed to complete Exercises 6, 
15, and 16 are indicated-by 

* A. Assorted Metric Hardware-Hex nuts, washers, screws, 

cotter puis, etc. 

* B, Drill Bits-Individual bits or sets, t mm to 13 mm range ^ 
C. Vernier CaliperPocket slide type, 120 mm range 

* D. MicrometeH)utside micrometer caliper, 0 mm to 25 mm 

range 

* E. Feeler Gage-13 blades, 0.05 mm to 1 mm range 

F. Metre Tape-50 or 100 m tape 

G. Thermometers-Special purpose types such as a clinical 
^ . thermometer 

H. ' Temperature Devices':Indicators used for ovens, freezing/ 
cooling systems, etc. 

. * L Tools-Metric open end or box wrench sets; socket sets, 
hex key sets 

J. Weather Devices-^Rain gage, barometer, humidity, wind 
velocity indicators 

* K. ' Pressure Gages-Tire pressure, air, oxygen, hydraulic, fuel, 

etc, 

L. ' Velocity-Direct reading or vane type meter 
M. Road Map-State and city road maps 
N, Containers-Buckets, plastic containers, etc., for mixing 
and storing liquids 

* 0, Coiltainers-Boxes, buckets, cans, etc., for mixing and 

storing dry ingredients 

' Most of the above items may be obtained from local industrial, 
hardware, and school suppliers. Also, check with your school district's 
math and science depari;ments and/or local industries for loan of their 
metric measurement devices. 



Measuring devices currently are not available, Substitute devices (i.e;, thermometer) 
may be used to complete the measurement task. 
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REFERENCES 



Let s Memre Metric. A Teachen Introduction to Metric Measurement. Divi- 
sion of Educational Redesign and Renewal, Ohio Department of Educa- 
tion, 65 S. Front Street, Columbus, OH 43215, 1975, 80 pages; $1.50, 
must include check to state treasurer. 

Activity-oriented introduction to the metric system designed for indepen- 
dent or group inservice education study. Introductory information about 
metric measurement; reproducible exercises apply metric concepts to 
common measurement situations; laboratory activities io) individuals or 
groups. Templates for making metre tape, litre box, square centimetre grid. 

Mmiirmg with Metm, or. How to Weigh q Cold Brick with ii Melcr-Stick. 
Metrication Institute of America, P.O. Box 236, Nort'hfield, IL 60093, 
1974. 23 min., 16 mm, sound, color; $3iaOO purchase/'$31.00 rental. 

Film presents units for length, area, volume ana mass, relating each unit 
. to many common objects. Screen overprints show correct use of metric 
ylf symbols and ease of metric calculations. Relationships among metric 
' measures of length, area, volume, and mass are illustrated in interesting 

and unforgettable ways. 

Metric Education, An Annotated Bibliography for Vocational Technical and 
Adult Education. Product Utilization, The Center for Vocational Edu- 
cation, The Ohio State University, Columbus, OH 43210, 1974, 149 
< pages; $10,00. 

Comprehensive bibliography of ihstructional materials, reference materials 
and resource list for secondary, post-secondary, teacher education, and 
adult basic education. Instructional materials indexed by 15 occupational 
clusters, types of materials, and educational Jevel. ' 

Metric Education, A Position Paper for Vocational Technical and Adult 
Education. Product Utilization, The Center for Vocational Education, 
Th? Ohio State University, Columbus, OH 43210, 1975, 46 pages; $3.00. 

Paper for teachers, curriculita developers, and administrators in vocational, 
technical and adult education. Covers issues in metric t-ducation, the metric 
system, the impact of metrication on vocational and'technical education, 
, implications of metric instruction for adult basic education, and curriculum 
and instructional strategies. 

Metric Practice Guide ASTM f 3S072e. American Society for Testing and 
Materials, 1916 Race Street, Philadelphia, PA 19103, 1972, 34 p., 
$1.50, paper. 

Detailed presentation on SI units and symbols, style and usage, rules for 
conversion and rounding. Appendices on terminology, development of 
SI units, and conversion factors. Includes current base and derived SI 
units, and approved deviation from SI. 



Metrics in Career Education, Lindbeck, John R„ Charles A. Bennett Company, 
^ Inc., 809 W.Detweiller Drive, Peoria, IL 61614, 1975, 103 pages, 
$3.60, paper; $2.70 quantity school purchase. 

Presents metric units and notation in a well-illustrated manner. Individual 
chapters on metrics in drafting, metalworking, woodworking, power and 
energy, graphic arts, and home economics. Chapters followed by several 
learning activities for student use. Appendix includes conversion tables 
and charts. 



Taking the Tricks Out of Metrics, Metric Training Department, Creative 
Universal, Inc., Tower 14, 21700 Northwestern Highway, Southfield, MI 
48975, 1976, 4 booklets; $3,00 each, $12.00 set, discojmts. 

Series of booklets presents step-by-step directions, questions, answers on 
how to read metric measurement tools: micromefers, vemies calipers, rules, 
dial indicators. 

METRIC SUPPLIERS 

Brown k Sharpe Manufacturing Co., Precision Park, North Kingstown, RI 02852 

Industrial quality micrometers, steel rules, screw pitch and thickness gages, 
squares, deptn gages, calipers, dial indicators, conversion charts and guides. 

Dick Blick Company, P.O. Box 1267, Galesburg, IL 61401 

Instructional quality rules, tapes, metre sticks, cubes, height measures, 
trundle wheels, measuring cups and spoons, personal scales, gram/kilogram 
scales, feeler and^dfipth gages, beakers, thermometers, kits and other aids. 

The L. S. Starrett Company, 121 Crescent Street, Athol, MA 01331 

Machine tool precision measuring devices, micrometers, calipers, dial 
indicators, steel rules. 

Snap-on Tools, 8074-A 28th Avenue, Kenosha, WI 53140 
Metric automotive hand tools. 

INFORMATION SOURCES 

American National Metric Council, 1625 Massachusetts Avenue, N.W., Washington 
DC 20036. ^ . .;i 

Charts, posters, reports and pamphlets. Metric Reporter newsletter. National 
metric coordinating council repiresenting industry, government, education,^ . 
professional and trade orgamVfrtions. 

National Bureau of Standard*! Office of Information Activities, U.S. Department 
of Commerce, Washirtj^on, DC 20234. ' ;. 
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fVee and inexpeiuive metric charts and publications, also lends films and v ' 
displays. ; ^ 



